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ON-VEHICLE INFORMATION TERMINAL
AND INFORMATION DISTRIBUTION
SYSTEM

INCORPORATION BY REFERENCE

The disclosure of the following priority application is
herein incorporated by reference: Japanese Patent Applica-
tion No. 2009-213053 filed Sep. 15, 2009.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an on-vehicle information
terminal and an information distribution system for vehicles.

2. Description of Related Art

The applicant of the present invention previously submit-
ted a patent application for a road traffic information distri-
bution system through which road traffic information distrib-
uted through FM multiplex broadcasting or the like is
received by an on-vehicle unit and also road traffic informa-
tion for a specified target area to which a specific road traffic
condition applies, is distributed to the on-vehicle unit from a
distribution server via a mobile communication network such
as a portable telephone network (see Japanese Laid Open
Patent Publication No. 2007-80030).

In the event that the contents of traffic information received
through FM multiplex broadcasting and the contents of traffic
information distributed from the distribution server are dif-
ferent, there is no way of ascertaining which traffic informa-
tion should take precedence in the road traffic information
distribution system described above.

SUMMARY OF THE INVENTION

An on-vehicle information terminal according to a 1st
aspect of the present invention comprises: a traffic informa-
tion obtaining unit that obtains traffic information through
wireless communication; a telematics information obtaining
unit that obtains telematics information provided from a dis-
tribution server via a mobile communication network; a
selection unit that selects either the traffic information or the
telematics information when contents of the traffic informa-
tion and contents of the telematics information are different;
and a traffic condition indicating unit that indicates road
traffic conditions based upon either the traffic information or
the telematics information having been selected by the selec-
tion unit.

According to a 2nd aspect of the present invention, the
on-vehicle information terminal of the 1st aspect may further
comprise a decision-making unit that makes a decision, based
upon collection time information included in the telematics
information, as to whether or not a predetermined valid
period for the telematics information is yet to expire. In this
on-vehicle information terminal, the selection unit can select
either the traffic information or the telematics information
based upon decision-making results by the decision-making
unit.

According to a 3rd aspect of the present invention, in the
on-vehicle information terminal of the 2nd aspect, it is pre-
ferred that, if the decision-making unit decides that the valid
period for the telematics information has expired, the selec-
tion unit selects the telematics information for a road segment
for which corresponding telematics information is provided
and no corresponding traffic information is provided, and
selects the traffic information for other road segments.
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According to a 4th aspect of the present invention, the
on-vehicle information terminal of the 2nd or 3rd aspect may
further comprise: a traveling road identifying unit that iden-
tifies a traveling road on which a subject vehicle is traveling;
a speed detection unit that detects an actual traveling speed at
which the subject vehicle is traveling; and a speed calculation
unit that individually calculates, based upon the traffic infor-
mation and the telematics information, estimated traveling
speeds at which the subject vehicle would be expected to
travel on the traveling road. In this on-vehicle information
terminal, if the decision-making unit decides that the valid
period for the telematics information is yet to expire, the
selection unit can select either the traffic information or the
telematics information in correspondence to which an esti-
mated traveling speed with a smaller difference relative to the
actual traveling speed has been calculated.

According to a Sth aspect of the present invention, the
on-vehicle information terminal of the 2nd or 3rd aspect may
further comprise an estimated arrival time calculation unit
that individually calculates, based upon the traffic informa-
tion and the telematics information, estimated arrival times at
a destination set in advance. In this on-vehicle information
terminal, if the decision-making unit decides that the valid
period for the telematics information is yet to expire, the
selection unit can select either the traffic information or the
telematics information in correspondence to which a later
estimated arrival time has been calculated.

According to a 6th aspect of the present invention, the
on-vehicle information terminal of the 2nd or 3rd aspect may
further comprise a reliability factor calculation unit that indi-
vidually calculates reliability factors for the traffic informa-
tion and the telematics information, in correspondence to
lengths of time having elapsed since collection times thereof.
In this on-vehicle information terminal. In this on-vehicle
information terminal, if the decision-making unit decides that
the valid period for the telematics information is yet to expire,
the selection unit can select either the traffic information or
the telematics information with a reliability factor thereof
indicating a higher level of reliability.

According to a 7th aspect of the present invention, in the
on-vehicle information terminal of the 6th aspect, it is desir-
able that the reliability factor calculation unit sets a decreas-
ing rate, at which the reliability factor calculated for the traffic
information decreases as time elapses, higher than a decreas-
ing rate at which the reliability factor calculated for the
telematics information decreases as time elapses.

According to an 8th aspect of the present invention, the
on-vehicle information terminal of the 1st aspect may further
comprise: a traveling road identifying unit that identifies a
traveling road on which a subject vehicle is traveling; a speed
detection unit that detects an actual traveling speed at which
the subject vehicle is traveling; and a speed calculation unit
that individually calculates, based upon the traffic informa-
tion and the telematics information, estimated traveling
speeds at which the subject vehicle would be expected to
travel on the traveling road. In this on-vehicle information
terminal, the selection unit can select either the traffic infor-
mation or the telematics information in correspondence to
which an estimated traveling speed with a smaller difference
relative to the actual traveling speed has been calculated.

According to a 9th aspect of the present invention, the
on-vehicle information terminal of the 1st aspect may further
comprise an estimated arrival time calculation unit that indi-
vidually calculates, based upon the traffic information and the
telematics information, estimated arrival times at a destina-
tion set in advance. In this on-vehicle information terminal,
the selection unit can select either the traffic information or
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the telematics information, in correspondence to which a later
estimated arrival time has been calculated.

According to a 10th aspect of the present invention, the
on-vehicle information terminal of the 1st aspect may further
comprise a reliability factor calculation unit that individually
calculates reliability factors for the traffic information and the
telematics information, in correspondence to lengths of time
having elapsed since collection times thereof. In this on-
vehicle information terminal, the selection unit can select
either the traffic information or the telematics information
with a reliability factor thereof indicating a higher level of
reliability.

According to an 11th aspect of the present invention, in the
on-vehicle information terminal of the 10th aspect, it is desir-
able that the reliability factor calculation unit sets a decreas-
ing rate, at which the reliability factor calculated for the traffic
information decreases as time elapses, higher than a decreas-
ing rate at which the reliability factor calculated for the
telematics information decreases as time elapses.

An information distribution system according to a 12th
aspect of the present invention comprises: an on-vehicle
information terminal of any one of the 1st through 11th
aspects; and a distribution server that provides the telematics
information to the on-vehicle information terminal via the
mobile communication network.

According to the present invention, the optimal traffic
information can be selected if traffic information obtained
through a plurality of methods is not identical.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the configuration of the information distri-
bution system achieved in an embodiment of the present
invention.

FIG. 2 is a block diagram showing the structure of the
navigation apparatus.

FIG. 3 presents a flowchart of the processing executed in
the navigation apparatus in a first embodiment of the present
invention.

FIG. 4 presents a flowchart of the processing executed in
the navigation apparatus in a second embodiment of the
present invention.

FIG. 5 presents a flowchart of the processing executed in
the navigation apparatus in a third embodiment of the present
invention.

FIG. 6 presents a flowchart of the processing executed in
the navigation apparatus in a fourth embodiment of the
present invention.

FIG. 7 presents a flowchart of the processing executed in
the navigation apparatus in a fifth embodiment of the present
invention.

FIG. 8 presents a flowchart of the processing executed in
the navigation apparatus in a sixth embodiment of the present
invention.

FIG. 9 presents a flowchart of the processing executed in
the navigation apparatus in a seventh embodiment of the
present invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

First Embodiment

FIG. 1 shows the configuration of the information distri-
bution system achieved in an embodiment of the present
invention. The system comprises a navigation apparatus 1 and
a communication terminal 2 both installed in a vehicle 100, a
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broadcasting facility 3 from which FM multiplex broadcast is
provided, a mobile communication network 4 and a distribu-
tion server 5.

The navigation apparatus 1 guides the vehicle 100 to a
destination having been set by bringing up a map on display
based upon map data and searching for a recommended route
to the destination. In addition, the navigation apparatus 1
receives traffic information transmitted through FM multi-
plex broadcasting from a traffic information distribution cen-
ter (not shown) via the broadcasting facility 3. The types of
information distributed as traffic information include weather
information indicating the current weather or providing a
weather forecast and event information on various types of
events (e.g., festivals, street markets and sports events) that
may affect road traffic conditions, in addition to congestion
information reporting road congestion conditions or traffic
control conditions.

The systems through which traffic information such as that
described above is distributed in the known art include the
VICS (Vehicle Information and Communication System)
operating in Japan and the RDS-TMC (Radio Data System-
Traffic Message Channel) operating in Europe. It is to be
noted that while the traffic information is transmitted to the
navigation apparatus 1 through FM multiplex broadcasting in
the embodiment, the traffic information may be transmitted
through an alternative method. For instance, the traffic infor-
mation may be transmitted from roadside beacons or it may
be transmitted through satellite broadcasting.

The navigation apparatus 1 issues a download request to
the distribution server 5 so as to download telematics infor-
mation corresponding to the current position of the vehicle
100 and the route along which it is traveling. In response to
the download request, the distribution server 5 distributes
telematics information to the navigation apparatus 1. The
telematics information distributed from the distribution
server 5 includes congestion information covering more
roads than those covered in the congestion information
included in the traffic information described earlier. Namely,
as the distribution server 5 distributes the telematics informa-
tion, the navigation apparatus 1 is able to obtain additional
congestion information that is not provided in the traffic infor-
mation. The telematics information provided by the distribu-
tion server 5 is received at the navigation apparatus 1 via the
mobile communication network 4 and the communication
terminal 2. The navigation apparatus 1 is thus able to down-
load the telematics information originating from the distribu-
tion server 5.

The communication terminal 2 is connected to the naviga-
tion apparatus 1. Under control executed by the navigation
apparatus 1, the communication terminal 2 is wirelessly con-
nected with the mobile communication network 4. The dis-
tribution server S is connected to the mobile communication
network 4. In other words, the navigation apparatus 1 is
connected to the distribution server 5 via the communication
terminal 2 and the mobile communication network 4.

It is to be noted that the wireless connection between the
communication terminal 2 and the mobile communication
network 4 is achieved via a wireless base station (not shown).
Such wireless base stations, each capable of wirelessly com-
municating with communication terminals 2 currently
located within a specific communication area surrounding the
particular wireless base station, are in place at numerous
points throughout the country. In addition, the navigation
apparatus 1 and the communication terminal 2 may be con-
nected through wireless communication such as infrared
communication or Bluetooth instead of through a wired con-
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nection via a cable or the like. The communication terminal 2
may be, for instance, a portable telephone.

Atthe distribution server 5, congestion information related
to roads in various regions is collected and stored and the
contents of the stored congestion information are updated
over predetermined time intervals. Based upon the conges-
tion information, the distribution server 5 distributes the
telematics information to the navigation apparatus 1. It is to
be noted that as explained earlier, the congestion information
provided as telematics information covers more roads than
the congestion information included in the traffic informa-
tion. This means that the distribution server 5 must collect
congestion information for more roads than does the traffic
information distribution center. For instance, congestion
information originating from another information provider
may be provided to the distribution server 5 in addition to the
congestion information from the traffic information distribu-
tion center. As an alternative, the distribution server 5 may
collect congestion information provided as probe data from
vehicles traveling at various locations.

The structure of the navigation apparatus 1 is illustrated in
the block diagram in FIG. 2. The navigation apparatus 1
comprises a control unit 10, a vibration gyro 11, a vehicle
speed sensor 12, a hard disk (HDD) 13, a GPS (global posi-
tioning system) reception unit 14, a traffic information recep-
tion unit 15, a display monitor 16 and an input device 17.

The control unit 10, constituted with a microprocessor,
various peripheral circuits, a RAM, a ROM and the like,
executes various types of processing to be described later
based upon a control program and map data recorded in the
HDD 13. The communication terminal 2 is connected to the
control unit 10, and as the control unit 10 controls the com-
munication terminal 2, the navigation apparatus 1 is able to
send a download request to the distribution server 5 in FIG. 1.
The telematics information distributed from the distribution
server 5 in response to this download request is received at the
communication terminal 2, which then outputs the received
information to the control unit 10.

The vibration gyro 11 is a sensor that detects the angular
speed of the subject vehicle. The vehicle speed sensor 12
detects the speed of the subject vehicle. As the subject vehicle
motion is detected over predetermined time intervals via the
sensors, the control unit 10 is able to determine the extent of
subject vehicle positional displacement and based upon the
extent of the subject vehicle positional displacement thus
determined, the current position of the subject vehicle, i.e.,
the current location, is detected.

Inthe HDD 13, which is a non-volatile recording medium,
various types of data including map data are recorded. The
data recorded in the HDD 13 are read out as necessary under
control executed by the control unit 10 and the data having
been read out are utilized in various types of processing or
control executed by the control unit 10.

It is to be noted that the map data recorded in the HDD 13
include route calculation data, route guidance data, road data
and background data. The route calculation data are used
when searching for the optimal route to a destination. The
route guidance data, which are used to guide the subject
vehicle to the destination through the route having been deter-
mined, indicate intersection names, road names and the like.
The road data indicate road shapes and road categories. The
background data indicate the shapes of geographical entities
other than roads, such as rivers and railways, the positions of
various facilities and the like. It is to be noted that the term
“link™ is used to refer to the minimum unit representing a road
in the map data. In other words, each road in the map data is
constituted with a plurality of links.
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The GPS reception unit 14 receives a GPS signal transmit-
ted from a GPS satellite and outputs the received GPS signal
to the control unit 10. The GPS signal contains information
indicating the location of the transmitting GPS satellite and
the transmission time of the GPS signal, which can be used to
determine the subject vehicle position and the current time. In
other words, based upon such information contained in GPS
signals received from at least a predetermined minimum
number of GPS satellites, the current position of the subject
vehicle and the current time can be calculated.

The traffic information reception unit 15 receives the traffic
information transmitted through FM multiplex broadcasting
from the traffic information distribution center via the broad-
casting facility 3. The traffic information having been
received at the traffic information reception unit 15 is then
output to the control unit 10. The control unit 10 makes a
decision as to whether or not to download telematics infor-
mation by executing processing based upon the traffic infor-
mation as detailed later and issues a download request to the
distribution server 5 upon deciding that the telematics infor-
mation is to be downloaded.

The display monitor 16, at which various images or video
images are displayed, may be a liquid crystal display unit. A
map of the area around the current subject vehicle position
and the like are brought up on display at the display monitor
16. It is to be noted that the display monitor 16 should be
installed at a position at which it can be viewed with ease by
the driver, e.g., on the dashboard or in the instrument panel of
the subject vehicle.

The input device 17 is a user interface via which the user
performs various input operations to engage the navigation
apparatus 1 in operation and includes various types of input
switches. The user operates the input device 17 to enter the
name of the facility or geographical point he wishes to set as
the destination, to select a destination among preregistered
locations or scroll the map along a desired direction. The
input device 17 may be an operation panel or a remote control
unit. As an alternative, the input device 17 and the display
monitor 16 may be integrated into a single touch panel unit.

Once the user has set a specific destination by operating the
input device 17, the navigation apparatus 1 searches for a
route from the current position to the destination by designat-
ing the current position having been detected, as described
above, as a route search start point and executing an arith-
metic operation with a specific algorithm based upon the
route calculation data included in the map data. The recom-
mended route resulting from the route search is indicated on
the map in a format distinguishable from other roads by, for
instance, using a different display color. The navigation appa-
ratus 1 guides the subject vehicle to the destination along the
recommended route.

Next, the processing executed in the navigation apparatus 1
when downloading telematics information provided by the
distribution server 5 is described in reference to the flowchart
presented in FIG. 3. The processing in this flowchart is
executed by the control unit 10 at the navigation apparatus 1
when a specific download start condition is satisfied. For
instance, the processing in the flowchart in FIG. 3 may be
executed in response to a specific operation performed by the
user via the input device 17 or over predetermined time inter-
vals.

In step S10, the control unit 10 transmits, via the commu-
nication terminal 2, a telematics information download
request to the distribution server 5 by controlling the commu-
nication terminal 2. In response to the download request, the
distribution server 5 transmits telematics information to the
communication terminal 2 via the mobile communication
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network 4, and the telematics information received at the
communication terminal 2 is then output to the control unit
10. In this processing, a telematics information download
target area may be indicated to the distribution server 5. For
instance, an area ranging within a predetermined distance
from the current position of the vehicle 100 may be desig-
nated as a download target area, or if a recommended route to
a destination has been determined in the navigation apparatus
1, areas each ranging within a predetermined distance from
the destination and from the recommended route may be
designated as download target areas.

In step S20, the control unit 10 downloads the telematics
information transmitted from the distribution server 5 in
response to the download request issued in step S10. Itis to be
noted that the downloaded telematics information may be
output from the control unit 10 to the HDD 13 and be recorded
in the HDD 13.

In step S30, the control unit 10 makes a decision as to
whether or not the contents of the telematics information
downloaded in step S20 match the contents of the traffic
information received at the traffic information reception unit
15. In this step, the decision is made by using the congestion
information or the traffic control information related to com-
mon roads in the telematics information and the traffic infor-
mation. If the contents of the telematics information and
contents of the traffic information do match, the operation
proceeds to step S70, whereas if they do not match, the
operation proceeds to step S40. If traffic information has been
received a plurality of times, it is desirable to make the deci-
sion by using the most recently received traffic information.

In step S40, the control unit 10 makes a decision as to
whether or not the telematics information downloaded in step
S20 is effective, with a predetermined valid period thereof yet
to expire. If the telematics information is still valid, the opera-
tion proceeds to step S70, whereas if the valid period has
expired, the operation proceeds to step S41. It is to be noted
that the telematics information includes collection time infor-
mation, i.e., information indicating the time at which the
particular telematics information was collected at the distri-
bution server 5 so as to enable the decision-making in step
S40. Based upon the collection time information, the control
unit 10 calculates the length of time having elapsed between
the telematics information collection time and the current
time, and makes a decision in step S40 by determining
whether or not the length of elapsed time exceeds the prede-
termined valid period, e.g., one hour.

In step S41, the control unit 10 makes a decision as to
whether or not there is any road segment with no correspond-
ing traffic information, among the road segments to which the
telematics information downloaded in step S20 corresponds.
If there is any road segment with no corresponding traffic
information, i.e., if there is a road segment in correspondence
to which no traffic information has been provided, among the
road segments for which congestion information or traffic
control information has been provided in the telematics infor-
mation, the operation proceeds to step S42. However, if there
is no road segment without corresponding traffic information,
i.e., if traffic information has been provided in correspon-
dence to all the road segments for which congestion informa-
tion or traffic control information has been provided in the
telematics information, the operation proceeds to step S60.

In step S42, the control unit 10 selects the telematics infor-
mation downloaded in step S20 for the road segment deter-
mined in step S41 to have corresponding telematics informa-
tion and have no corresponding traffic information. Through
these measures, even when the validity of the downloaded
telematics information has expired, the telematics informa-
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tion will still be selected for the road segment with no corre-
sponding traffic information. Once step S42 has been
executed, the operation proceeds to step S60.

In step S60, the control unit 10 selects the traffic informa-
tion having been received at the traffic information reception
unit 15. At this time, if the telematics information has been
selected for a road segment with no corresponding traffic
information in step S42, the traffic information is selected for
the remaining road segments. Once step S60 has been
executed, the operation proceeds to step S80.

In step S70, the control unit 10 selects the telematics infor-
mation downloaded in step S20. Namely, if it is decided in
step S30 that the contents of the downloaded telematics infor-
mation and the contents of the traffic information match or if
it is decided in step S40 that the valid period for the telematics
information is yet to expire, the telematics information is
selected. It is to be noted that, if an affirmative decision is
made in step S30, then the contents of the telematics infor-
mation and the contents of the traffic information are identi-
cal, and accordingly, the traffic information, instead of the
telematics information, may be selected in step S70. Once
step S70 has been executed, the operation proceeds to step
S80.

In step S80, the control unit 10 displays traffic conditions
on the map based upon the traffic information selected in step
S60 or the telematics information selected in step S70. As a
result, the traffic conditions on the roads can be indicated to
the user. It is to be noted that if the traffic information is
selected in step S60 and the telematics information is selected
for a road segment with no corresponding traffic information
in step S42, the traffic conditions on this particular road
segment will be displayed based upon the telematics infor-
mation. In other words, the traffic information and the
telematics information are combined so as to display traffic
conditions by supplementing information for any road seg-
ment for which no traffic information has been provided, with
the telematics information. Upon executing step S80, the
control unit 10 ends the processing in the flowchart presented
in FIG. 3.

The following advantages are achieved through the first
embodiment described above.

(1) The navigation apparatus 1 obtains traffic information
at the traffic information reception unit 15 through wireless
communication and also obtains telematics information pro-
vided from the distribution server 5 via the mobile commu-
nication network 4 through the processing executed by the
control unit 10 (step S20). It then makes a decision (step S30)
as to whether or not the contents of the traffic information and
the contents of the telematics information match, and if they
are determined to be different, either the traffic information or
the telematics information is selected (step S60 or S70).
Based upon the traffic information or the telematics informa-
tion thus selected, road traffic conditions are indicated (step
S80). Through these measures, if the contents of traffic infor-
mation obtained through a plurality of methods do not match,
i.e., if the contents of the traffic information obtained at the
traffic information reception unit 15 and the contents of the
telematics information downloaded from the distribution
server 5 are different from each other, either information,
whichever will be optimal, is selected.

(2) Based upon the collection time information included in
the telematics information, the control unit 10 makes a deci-
sion as to whether or not a predetermined valid period for the
telematics information is yet to expire (step S40). Based upon
the results of this decision-making, the control unit 10 deter-
mines whether to execute step S60 or step S70 in order to
select either the traffic information or the telematics informa-
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tion. Thus, either the traffic information or the telematics
information, whichever will be optimal, can be selected based
upon the telematics information valid period.

(3) If it is decided in step S40 that the validity of the
telematics information has expired, the control unit 10 makes
a decision (step S41) as to whether or not there is any road
segment with no corresponding traffic information among the
road segments in correspondence to which the telematics
information has been provided. If it is decided that there is a
road segment with corresponding telematics information, for
which no corresponding traffic information has been pro-
vided, the telematics information is selected for the particular
road segment (step S42) and the traffic information is selected
for the remaining road segments (step S60). As a result, traffic
conditions can be indicated by supplementing information for
any road segment for which no traffic information has been
provided, with the telematics information.

Second Embodiment

The second embodiment of the present invention is now
described below. In the embodiment, if the contents of traffic
information and the contents of telematics information
obtained at the navigation apparatus are different, either the
traffic information or the telematics information is selected
through a method distinguishable from that adopted in the
first embodiment described earlier. It is to be noted that since
the configuration of the information distribution system and
the structure of the navigation apparatus achieved in the
embodiment are identical to those in FIGS. 1 and 2 in refer-
ence to which the first embodiment has been described, a
repeated explanation thereof is omitted.

The processing executed in the navigation apparatus 1
when downloading telematics information provided by the
distribution server 5 in the embodiment is described in refer-
ence to the flowchart presented in FIG. 4. It is to be noted that
the same step numbers are assigned to steps in the flowchart
in FIG. 4 in which processing identical to that in the flowchart
presented in FIG. 3, in reference to which the first embodi-
ment has been described, is executed. A repeated explanation
of'the processing executed in the steps assigned with the same
step numbers is not provided.

Upon deciding in step S40 that the downloaded telematics
information is still valid, the control unit 10 proceeds to step
S43. In step S43, the control unit 10 identifies the road on
which the subject vehicle is currently traveling (traveling
road). In the embodiment, the road on which the subject
vehicle is traveling is identified based upon the current posi-
tion of the subject vehicle, calculated as explained earlier
based upon the angular speed detected by the vibration gyro
11, the vehicle speed detected via the vehicle speed sensor 12
and GPS signals received at the GPS reception unit 14, and
the map data recorded in the HDD 13.

In step S44, the control unit 10 detects the actual traveling
speed at which the subject vehicle is traveling. In this step, the
vehicle speed detected via the vehicle speed sensor 12 is
detected as the actual traveling speed of the subject vehicle.

In step S45, the control unit 10 individually calculates
estimated subject vehicle traveling speeds on the traveling
road identified in step S43, one based upon the traffic infor-
mation received at the traffic information reception unit 15
and another based upon the telematics information down-
loaded in step S20. In this step, the congestion information
and the traffic control information for the traveling road
around the subject vehicle position are extracted both from
the traffic information and the telematics information, and,
based upon the different sets of information, speeds at which
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the subject vehicle would be expected to travel on the road
along the flows of traffic are calculated as the estimated trav-
eling speeds. It is to be noted that this processing may be
executed by referencing speed limit information or the like
recorded in the map data as well. Through the processing, a
traffic information-based estimated traveling speed and a
telematics information-based estimated traveling speed are
individually calculated in correspondence to the road on
which the subject vehicle is currently traveling.

In step S46, the control unit 10 makes a decision as to
which of the estimated traveling speeds calculated in step
S45, i.e., the estimated traveling speed calculated based upon
the traffic information and the estimated traveling speed cal-
culated based upon the telematics information, assumes a
smaller difference relative to the actual traveling speed
detected in step S44. If it is decided that the difference
between the estimated traveling speed calculated based upon
the traffic information and the actual traveling speed is
smaller, the operation proceeds to step S41. In this case, the
control unit 10 executes the processing in step S41 in much
the same way as in the first embodiment, and if an affirmative
decision is made in step S41, it further executes the process-
ing in step S42. Subsequently, it selects the traffic information
received at the traffic information reception unit 15 as
described earlier in step S60. If, on the other hand, it is
decided that the difference between the estimated traveling
speed calculated based upon the telematics information and
the actual traveling speed is smaller, the operation proceeds to
step S70. In this case, the control unit 10 selects the telematics
information downloaded in step S20 as explained earlier in
step S70.

In addition to the advantages of the first embodiment, the
following advantage is achieved through the second embodi-
ment described above.

(1) If it is decided in step S40 that the telematics informa-
tion is still valid, the control unit 10 identifies the road on
which the subject vehicle is currently traveling (step S43) and
detects the actual speed at which the subject vehicle is trav-
eling (step S44). Then, based upon both the traffic informa-
tion and the telematics information having been obtained,
estimated traveling speeds at which the subject vehicle would
be expected to travel on the road identified in step S43 are
individually calculated (step S45), and a decision is made as
to which estimated traveling speed indicates a smaller differ-
ence relative to the actual traveling speed (step S46). Accord-
ing to the decision-making results, either the traffic informa-
tion or the telematics information, based upon which the
estimated traveling speed with a smaller difference relative to
the actual traveling speed has been calculated, is selected in
step S60 or step S70. Through these measures, either the
traffic information or the telematics information, whicheveris
optimal, can be selected in correspondence to the actual
vehicle traveling environment.

Third Embodiment

The third embodiment of the present invention is described
next. In the embodiment, if the contents of traffic information
and the contents of telematics information obtained at the
navigation apparatus are different, either the traffic informa-
tion or the telematics information is selected through a
method distinguishable from those adopted in the first and
second embodiments described earlier. It is to be noted that
since the configuration of the information distribution system
and the structure of the navigation apparatus achieved in the
embodiment are identical to those in FIGS. 1 and 2 in refer-
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ence to which the first embodiment has been described, a
repeated explanation thereof is omitted, as in the description
of the second embodiment.

The processing executed in the navigation apparatus 1
when downloading telematics information provided by the
distribution server 5 in the embodiment is described in refer-
ence to the flowchart presented in FIG. 5. It is to be noted that
the same step numbers are assigned to steps in the flowchart
in FIG. 5 in which processing identical to that in the flow-
charts presented in FIGS. 3 and 4, in reference to which the
first and second embodiments have been described, is
executed. A repeated explanation of the processing executed
in the steps assigned with the same step numbers is not pro-
vided.

Upon deciding in step S40 that the downloaded telematics
information is still valid, the control unit 10 proceeds to step
S47. In step S47, the control unit 10 calculates estimated
arrival times at which the subject vehicle would be expected
to arrive at a destination having been set in advance, based
upon the traffic information received at the traffic information
reception unit 15 and the telematics information downloaded
in step S20. In this step, the congestion information and the
traffic control information for the recommended route
extending from the current subject vehicle position to the
destination are extracted both from the traffic informationand
the telematics information and the estimated arrival times at
which the subject vehicle would be expected to arrive at the
destination are calculated individually based upon the
extracted information. The estimated arrival times may also
be calculated by referencing speed limit information and the
like recorded in the map data. A traffic information-based
estimated arrival time and a telematics information-based
estimated arrival time, at which the subject vehicle would be
expected to arrive at the destination, are thus separately cal-
culated. It is to be noted that if no destination has been set, a
given geographical point present ahead along the subject
vehicle advancing direction may be automatically designated
as a destination and a recommended route to this destination
may be automatically searched.

In step S48, the control unit 10 makes a decision as to
which of the estimated arrival times calculated in step S47,
i.e., the estimated arrival time calculated based upon the
traffic information and the estimated arrival time calculated
based upon the telematics information, is later. If the results of
the decision-making indicate that the estimated arrival time
calculated based upon the traffic information is later, the
operation proceeds to step S41. In this case, the control unit
10 executes the processing in step S41 in much the same way
as in the first embodiment, and if an affirmative decision is
made in step S41, it further executes the processing in step
S42. Subsequently, it selects the traffic information received
atthe traffic information reception unit 15 as described earlier
in step S60. If, on the other hand, the estimated arrival time
calculated based upon the telematics information is later, the
operation proceeds to step S70. In this case, the control unit
10 selects the telematics information downloaded in step S20
as explained earlier in step S70.

In addition to the advantages of the first embodiment, the
following advantage is achieved through the third embodi-
ment described above.

(1) If it is decided in step S40 that the telematics informa-
tion is still valid, the control unit 10 individually calculates
estimated arrival times at which the subject vehicle would be
expected to arrive at a preset destination (step S47) based
upon the traffic information and the telematics information
having been obtained and makes a decision as to which esti-
mated arrival time is later (step S48). According to the deci-
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sion-making results, either the traffic information or the
telematics information, based upon which the later estimated
destination arrival time has been calculated, is selected in step
S60 or step S70. Through these measures, either the traffic
information or the telematics information, whichever will
prove more reassuring to the user, can be selected. Namely, by
selecting the information corresponding to the later arrival
time, a greater margin for a delay in the arrival that may occur
while the vehicle travels, is assured, so as to minimize any
psychologically adverse effect on the user.

Fourth Embodiment

The fourth embodiment of the present invention is now
described. In the embodiment, if the contents of traffic infor-
mation and the contents of telematics information obtained at
the navigation apparatus are different, either the traffic infor-
mation or the telematics information is selected through a
method distinguishable from those adopted in the first
through third embodiments described earlier. It is to be noted
that since the configuration of the information distribution
system and the structure of the navigation apparatus achieved
in the embodiment are identical to those in FIGS. 1 and 2 in
reference to which the first embodiment has been described,
arepeated explanation thereofis omitted, as in the description
or the second and third embodiments.

The processing executed in the navigation apparatus 1
when downloading telematics information provided by the
distribution server 5 in the embodiment is described in refer-
ence to the flowchart presented in FIG. 6. It is to be noted that
the same step numbers are assigned to steps in the flowchart
in FIG. 6 in which processing identical to that in the flow-
charts presented in FIGS. 3 through 5, in reference to which
the first through third embodiments have been described, is
executed. A repeated explanation of the processing executed
in the steps assigned with the same step numbers is not pro-
vided.

Upon deciding in step S40 that the downloaded telematics
information is still valid, the control unit 10 proceeds to step
S49. In step S49, the control unit 10 individually calculates
reliability levels of the traffic information received at the
traffic information reception unit 15 and the telematics infor-
mation downloaded in step S20. The reliability levels each
change in correspondence to the length of time having
elapsed between the time at which the corresponding infor-
mation was collected either at the traffic information distri-
bution center or at the distribution server 5 and the current
time. It is to be noted that the traffic information and the
telematics information each include collection time informa-
tion so as to allow the length of time having elapsed since the
collection time to be determined when calculating the corre-
sponding reliability level in step S49.

In step S49, a reliability factor R, (t,) of the traffic infor-
mation and a reliability factor R, (t,) of the telematics infor-
mation are respectively calculated as expressed in, for
instance, (1) and (2) below. It is to be noted that t; and t, are
variables respectively representing the lengths of time having
elapsed between the traffic information collection time and
the current time and between the telematics information col-
lection time and the current time.

R,y(2,)=100(1-2,/d)) (6]
Ry(1,)=100(1-1,/d;) @

d, and d, in expressions (1) and (2) are constants respec-
tively equivalent to the values assumed for the lengths of
elapsed time t, and t, when the reliability factors R, (t,) and
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R, (t,) are at 0. In addition, 1/d, and 1/d,, i.e. the reciprocals
ofd, and d,, respectively represent decreasing rates at which
the reliability factors R, (t;) and R, (t,) decrease as the
lengths of elapsed timet, and t, increase. Itis desirable thatd,
and d, take on values satisfying a relationship expressed as
d,<d,, i.e., 1/d,>1/d,. By satisfying such a relationship, it is
ensured that the reliability factor R, (t,) of the traffic infor-
mation with lower accuracy than the telematics information
decreases faster as the time elapses, compared to the reliabil-
ity factor R, (t,) of the telematics information. For instance,
the values of d, and d, may be set so that d,=2d,, i.e., 1/d,=2-
(1/d,), is true, and with d, and d, assuming such values, the
reliability factor R, (t;) of the traffic information will be
lowered twice as fast as the reliability factor R, (t,) of the
telematics information.

In step S50, the control unit 10 makes a decision as to
which of the reliability factors calculated in step S49, i.e., the
reliability factor of the traffic information and the reliability
factor of the telematics information, indicates a higher level
of reliability. If the reliability factor of the traffic information
is determined to indicate a higher level of reliability, the
operation proceeds to step S41. In this case, the control unit
10 executes the processing in step S41 in much the same way
as in the first embodiment, and if an affirmative decision is
made in step S41, it further executes the processing in step
S42. Subsequently, it selects the traffic information received
atthe traffic information reception unit 15 as described earlier
in step S60. If, on the other hand, the reliability factor of the
telematics information is determined to indicate a higher level
of reliability, the operation proceeds to step S70. In this case,
the control unit 10 selects the telematics information down-
loaded in step S20 as explained earlier in step S70.

In addition to the advantages of the first embodiment, the
following advantages are achieved through the fourth
embodiment described above.

(1) If it is decided in step S40 that the telematics informa-
tion is still valid, the control unit 10 individually calculates
(step S49) reliability factors for the traffic information and the
telematics information having been obtained, in correspon-
dence to the lengths of time having elapsed since the collec-
tion time points, and then makes a decision as to which
reliability factor indicates a higher level of reliability (step
S50). Based upon the decision-making results, either the traf-
fic information or the telematics information, whichever
assures the higher level of reliability, is selected in step S60 or
step S70. Through these measures, either the traffic informa-
tion or the telematics information can be correctly selected
based upon the levels of their reliability.

(2) It is desirable that the control unit 10, calculating the
reliability factors in step S49, set the rate of decrease for the
reliability factor calculated in correspondence to the traffic
information, at which the traffic information reliability factor
decreases as time elapses, higher than the decreasing rate at
which the reliability factor calculated for the telematics infor-
mation decreases as time elapses. Through these measures, it
is ensured that the reliability factor of the traffic information
with lower accuracy than the telematics information
decreases faster than the reliability of the telematics informa-
tion. Consequently, the reliability factors can be calculated
accurately in correspondence to the varying levels of accu-
racy of the two types of information.

Fifth Embodiment

The fifth embodiment of the present invention is described
next. In this embodiment, either of the traffic information or
the telematics information is selected through a method simi-
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lar to that described in reference to the second embodiment,
regardless of whether or not the valid period of the telematics
information is yet to expire.

The processing executed in the navigation apparatus 1
when downloading telematics information provided by the
distribution server 5 in the embodiment is shown in the flow-
chart presented in FIG. 7. This flowchart is identical to the
flowchart presented in FIG. 4 except for that it does not
include the processing in steps S40 through S42 and that upon
making a negative decision in step S30, the operation pro-
ceeds to step S43. Apart from these differences, the process-
ing executed in the fifth embodiment is identical to that
executed in the second embodiment.

Through the fifth embodiment described above, advan-
tages similar to those of the second embodiment are achieved,
regardless of whether or not the valid period for the telematics
information is yet to expire.

Sixth Embodiment

The sixth embodiment of the present invention is now
described. In this embodiment, either of the traffic informa-
tion or the telematics information is selected through a
method similar to that described in reference to the third
embodiment, regardless of whether or not the valid period of
the telematics information is yet to expire.

The processing executed in the navigation apparatus 1
when downloading telematics information provided by the
distribution server 5 in the embodiment is shown in the flow-
chart presented in FIG. 8. This flowchart is identical to the
flowchart presented in FIG. 5 except for that it does not
include the processing in steps S40 through S42 and that upon
making a negative decision in step S30, the operation pro-
ceeds to step S47. Apart from these differences, the process-
ing executed in the sixth embodiment is identical to that
executed in the third embodiment.

Through the sixth embodiment described above, advan-
tages similar to those of the third embodiment are achieved,
regardless of whether or not the valid period for the telematics
information is yet to expire.

Seventh Embodiment

The seventh embodiment of the present invention is
described next. In this embodiment, either of the traffic infor-
mation or the telematics information is selected through a
method similar to that described in reference to the fourth
embodiment, regardless of whether or not the valid period of
the telematics information is yet to expire.

The processing executed in the navigation apparatus 1
when downloading telematics information provided by the
distribution server 5 in the embodiment is shown in the flow-
chart presented in FIG. 9. This flowchart is identical to the
flowchart presented in FIG. 6 except for that it does not
include the processing in steps S40 through S42 and that upon
making a negative decision in step S30, the operation pro-
ceeds to step S49. Apart from these differences, the process-
ing executed in the seventh embodiment is identical to that
executed in the fourth embodiment.

Through the seventh embodiment described above, advan-
tages similar to those of the fourth embodiment are achieved,
regardless of whether or not the valid period for the telematics
information is yet to expire.

It is to be noted that while an explanation is given above in
reference to the embodiments on an example in which
telematics information stored and held in the distribution
server 5 is distributed to the navigation apparatus 1 installed
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in the vehicle 100 via the mobile communication network 4
and the communication terminal 2, the present invention is
not limited to this example. The telematics information can be
distributed to any of various types of on-vehicle information
terminals such as a personal computer, a PDA (personal digi-
tal assistant) and a portable telephone, other than the naviga-
tion apparatus. In addition, the present invention may be
adopted in conjunction with an on-vehicle information termi-
nal that includes a built-in communication terminal. Further-
more, information other than the congestion information may
be distributed as telematics information. For instance, infor-
mation on sightseeing locations or various types of facilities
may be distributed as telematics information.

In addition, in the fifth through seventh embodiments
among the embodiments described above, the processing in
steps S41 and S42 may be executed before selecting the traffic
information in step S60, as in the second through fourth
embodiment respectively. If there is any road segment, for
which telematics information is provided but no traffic infor-
mation is available, the telematics information will be
selected for the particular road segment and the traffic infor-
mation will be selected for the remaining road segments
through the alternative processing. As a result, traffic condi-
tions can be indicated by supplementing information for any
road segment for which no traffic information is provided,
with telematics information.

The embodiments described above and variations thereof
are simply provided as examples and components other than
those in the embodiments may be used as long as the features
characterizing the present invention are not compromised.

What is claimed is:

1. An on-vehicle information terminal, comprising:

a traffic information obtaining unit that obtains traffic
information through wireless communication;

a telematics information obtaining unit that obtains
telematics information provided from a distribution
server via a mobile communication network;

a control unit that selects either the traffic information or
the telematics information for each road segment, when
contents of the traffic information and contents of the
telematics information are different; and

atraffic condition indicating unit that indicates road traffic
conditions based upon either the traffic information or
the telematics information having been selected by the
control unit.

2. An on-vehicle information terminal according to claim

1, further comprising:

a decision-making unit that makes a decision, based upon
collection time information included in the telematics
information, as to whether or not a predetermined valid
period for the telematics information is yet to expire,
wherein:

the control unit selects either the traffic information or the
telematics information based upon decision-making
results by the decision-making unit.

3. An on-vehicle information terminal according to claim

2, wherein:

if the decision-making unit decides that the valid period for
the telematics information has expired, the control unit
selects the telematics information for a road segment for
which corresponding telematics information is provided
and no corresponding traffic information is provided,
and selects the traffic information for other road seg-
ments.

4. An on-vehicle information terminal according to claim

2, further comprising:

a traveling road identifying unit that identifies a traveling

road on which a subject vehicle is traveling;
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a speed detection unit that detects an actual traveling speed
at which the subject vehicle is traveling; and

a speed calculation unit that individually calculates, based
upon the traffic information and the telematics informa-
tion, estimated traveling speeds at which the subject
vehicle would be expected to travel on the traveling road,
wherein:

if the decision-making unit decides that the valid period for
the telematics information is yet to expire, the control
unit selects either the traffic information or the telemat-
ics information in correspondence to which an estimated
traveling speed with a smaller difference relative to the
actual traveling speed has been calculated.

5. An on-vehicle information terminal according to claim

2, further comprising:

an estimated arrival time calculation unit that individually
calculates, based upon the traffic information and the
telematics information, estimated arrival times at a des-
tination set in advance, wherein:

if the decision-making unit decides that the valid period for
the telematics information is yet to expire, the control
unit selects either the traffic information or the telemat-
ics information in correspondence to which a later esti-
mated arrival time has been calculated.

6. An on-vehicle information terminal according to claim

2, further comprising:

a reliability factor calculation unit that individually calcu-
lates reliability factors for the traffic information and the
telematics information, in correspondence to lengths of
time having elapsed since collection times thereof,
wherein:

if the decision-making unit decides that the valid period for
the telematics information is yet to expire, the control
unit selects either the traffic information or the telemat-
ics information with a reliability factor thereof indicat-
ing a higher level of reliability.

7. An on-vehicle information terminal according to claim

6, wherein:

the reliability factor calculation unit sets a decreasing rate,
at which the reliability factor calculated for the traffic
information decreases as time elapses, higher than a
decreasing rate at which the reliability factor calculated
for the telematics information decreases as time elapses.

8. An on-vehicle information terminal according to claim

1, further comprising:

a traveling road identifying unit that identifies a traveling
road on which a subject vehicle is traveling;

a speed detection unit that detects an actual traveling speed
at which the subject vehicle is traveling; and

a speed calculation unit that individually calculates, based
upon the traffic information and the telematics informa-
tion, estimated traveling speeds at which the subject
vehicle would be expected to travel on the traveling road,
wherein:

the control unit selects either the traffic information or the
telematics information in correspondence to which an
estimated traveling speed with a smaller difference rela-
tive to the actual traveling speed has been calculated.

9. An on-vehicle information terminal according to claim

1, further comprising:

an estimated arrival time calculation unit that individually
calculates, based upon the traffic information and the
telematics information, estimated arrival times at a des-
tination set in advance, wherein:

the control unit selects either the traffic information or the
telematics information, in correspondence to which a
later estimated arrival time has been calculated.
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10. An on-vehicle information terminal according to claim
1, further comprising:

a reliability factor calculation unit that individually calcu-
lates reliability factors for the traffic information and the
telematics information, in correspondence to lengths of
time having elapsed since collection times thereof,
wherein:

the control unit selects either the traffic information or the
telematics information with a reliability factor thereof
indicating a higher level of reliability.

11. An on-vehicle information terminal according to claim

10, wherein:

the reliability factor calculation unit sets a decreasing rate,
at which the reliability factor calculated for the traffic
information decreases as time elapses, higher than a
decreasing rate at which the reliability factor calculated
for the telematics information decreases as time elapses.

12. An information distribution system, comprising:

an on-vehicle information terminal according to claim 1;
and

a distribution server that provides the telematics informa-
tion to the on-vehicle information terminal via the
mobile communication network.
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